Introduction
Recently, the bioconversion of functional compounds in natural plants has become an attractive issue in the food research area. In particular, potential health-promoting effects are enhanced by the bioconversion of flavonoids in various traditional herbs [17] . Scutellaria baicalensis (Huangqi, belonging to the family Labiatae; SB), a herb widely used in traditional Chinese medicine, contains a high content of flavones. Many studies have reported that flavones have potentially beneficial effects on human health [22] . Baicalin (BG), baicalein (B), and wogonin (W), as the main flavonoids components in SB, have beneficial pharmacological properties, including anti-allergic [14] , anti-inflammatory [24] , heart-and brainprotecting [1] , hepatic-protective [6] , immunity-regulating [19] , and antitumorigenic activities [20] . During the absorption process, BG and wogonoside (WG) are converted into B and W by human intestinal flora in the gastrointestinal tract and then converted to conjugated forms (i.e., BG and WG), in the blood and liver. Compared with the intake of BG, the accumulation of BG in plasma is detected more rapidly after the intake of B [2] . Similarly, B shows higher bioavailability than BG [28] . Moreover, W shows more beneficial healthpromoting functions thatn WG [27] . Therefore, the bioconversion of BG and WG to B and W is interpreted to enhance the functional value of SB flavones [11] .
Thus far, various studies have attempted to increase the content of flavonoids in SB. Enrichment with carbon dioxide increases the growth rate of SB plants and the percentage of flavonoids in Scutellaria species. When the concentration of carbon dioxide was 3,000 µmol/mol, the percentage of flavonoids in SB increased to 81% in one study [26] . The cavitation system can also convert BG and WG into B and W [7] . Liquid culturing of SB cells also shows enhanced conversion of BG to B and WG to W with a high-yield production process [23] .
In this study, we aimed to convert BG and WG into B and W by means of beta-glucuronidase (GUS) from microorganisms. Several strains of Lactobacillus gasseri, Escherichia coli, Clostridium perfringens, and Staphylococcus aureus contain GUS genes [4] . However, most of these strains are not generally recognized as safe (GRAS) strains and thus cannot be utilized to produce B and W for the production of food materials. In a previous study, the bioconversion of BG and WG was carried out by GUS particularly purified from the recombinant of E. coli harboring the GUS gene from L. brevis RO1 [15] . Another study was also carried out to achieve the biotransformation of BG and WG by GUS extracted from Lactobacillus delbrueckii [18] . Bioconversion using whole cells is more stable, inexpensive, and convenient compared with the use of a purified enzyme [9] . In the present study, we aimed to achieve the bioconversion of SB flavones in milk using GUS produced from L. brevis RO1 by a fermentation process. L. brevis RO1 was previously isolated from the traditional Korean fermented food kimchii, with a relatively high enzyme activity of GUS [15] . During the enzyme fermentation process, carbon or nitrogen sources were added to the SB milk media simultaneously to maximize the growth of the bacteria and enhance the bioconversion of SB flavones.
Materials and Methods

Cultivation of L. brevis RO1
Beta-glucuronidase-producing L. brevis RO1 stock (Korean Federation of Culture Collection 11424P) was stored at -70 
Preparation of SB Milk Medium
Scutellaria baicalensis (Kyoung-Dong Market, Seoul, Korea) was extracted using the method mentioned in a previous study [18] . Methanol (Daejung Chemicals & Metals, Siheung, Korea) was utilized to extract the dried SB roots, which was then removed by a evaporation process (Eyela rotary evaporator N-100; Rikakikai, Tokyo, Japan). After collecting the extracted samples by adding distilled water, SB extract was obtained by a freeze-drying procedure (Freeze dryer NB-504LSCIR; Ilshin Lab, Seoul, Korea) and stored at -20 o C until use. Commercial cow's milk was purchased from the local market in Seoul. After adding 1% (w/v) SB, 2% (w/v) carbon sources (glucose, sucrose, galactose, maltose, lactose, fructose, xylose, arabinose, and rhamnose; Sigma) or 1% (w/v) nitrogen sources (fish peptone, yeast extract, proteotose peptone, peptone, soya peptone, casamino acid, beef extract, malt extract, proteotose peptone No. 3, and tryptone; BD) were added to the milk, respectively. Each carbon source and nitrogen source mentioned above was added to the medium separately. Subsequently, the pH of the culture was adjusted to 6.8 using 1 M NaHCO 3 and a pH meter (PHI 510; Beckman Coulter, Seoul, Korea). After autoclaving at 95 o C for 30 min (Autoclave DR-1202; Daekyung Machinery & Engineering, Ulsan, Korea), the SB milk media were dispensed at a clean bench, and then stored at 4 o C until use.
Fermentation of SB by L. brevis RO1
The SB milk samples were fermented at 37 o C on a shaking incubator (150 rpm; Vision Scientific, Bucheon, Korea) in 15 ml tubes containing 15 ml of SB milk medium. When screening the optimized carbon and nitrogen sources, the SB milk media were sampled at 0, 24, 48, 72, 96, 120, 144, 168, and 192 h. To compare the pH and viable cell counts of L. brevis RO1 between the control and the optimized group, the fermented SB milk was sampled at 0, 6, 12, 24, 48, and 72 h. Plates containing MRS agars with Lcysteine·HCl (0.05% (w/v)) were incubated at 37 o C for 48 h using anaerobic jars (Anoxomat WS80; Mart Microbiology BV, Drachten, The Netherlands) to assess the growth pattern of L. brevis RO1. The SB milk samples were stored at -20 o C before TLC and HPLC analyses.
Analysis of SB Flavones During Fermentation Using Thin-Layer Chromatography
To compare the bioconversion rate of flavones in the SB milk media during the fermentation process, TLC analysis was performed. Sample and methanol mixed at a ratio of 1:1 (v/v) were centrifuged at 10,000 ×g for 10 min using an eppendorf centrifuge (VS-15000N; Vision Scientific, Daejeon, Korea) and 10 µl of the supernatant was dotted on the silica gel-coated TLC plate (Silica gel 60 F 254 20 × 20 cm; Merck KGaA, Darmstadt, Germany). The mobile phase was butanol (Samchun), water, and glacial acetic acid (Samchun) mixed at a ratio of (7:2:1 (v/v/v)). To make the spots visible, the TLC plates were detected under a UV lamp (l = 254 nm; UVP, CA, USA).
Analysis of SB Flavones During Fermentation Using HighPerformance Liquid Chromatography
Seventy microliters of the aliquot was added to the 1.5 ml eppendorf tube and dried using a centrifugal evaporator (ScanSpeed 40; Gyrozen, Seoul, Korea). The dried matter was resuspended in 1 ml of acetonitrile and methanol (Avantor Performance Materials, PA, USA) with a ratio of 1:1 (v/v) and then centrifuged at 13,000 ×g for 2 min. Then, the supernatant was filtered through a 0.20 µm disposable syringe filter (Toyo Roshi Kaisha, Utsunomiya, Japan) and transferred to a HPLC vial (Agilent, CA, USA). The quantitative analysis of flavones was carried out by an HPLC equipment (Dionex, CA, USA). BG, B, and W were purchased from Sigma, whereas WG was isolated using the method described by Ku et al. [18] . HPLC-grade acetonitrile (Avantor Performance Materials, PA, USA) was used during the HPLC assay. Analysis was made on a column (SunFire C18 3.5 µm, 4.6 × 150 mm; Waters, Dublin, Ireland) operating with a flow rate of 0.8 ml/min, and an absorbance of 274 nm (UVD 170U; Dionex, Idstein, Germany). The volume of sample injected was 10 µl and the mobile phase was 0.1% (v/v) trifluoroacetic acid (Sigma) and 100% acetonitrile (Avantor Performance Materials) with a linear gradient profile. The standard curve of flavones had good linearity, with the R 2 greater than 0.999.
Statistical Analysis
IBM SPSS Statistics 19.0 (SPSS, IL, USA) was used to analyze the pH of the culture and plating counts during 72 h and the changes in the concentrations of flavones in the SB extract. The analysis of samples was conducted by three separate experiments and the results were expressed as the mean ± SD. The data were analyzed by analysis of variance (ANOVA) followed by the Turkey HSD test. The data were significant when p < 0.01.
Results and Discussion
Bioconversion of Flavones in the SB Milk with Various Carbon and Nitrogen Sources
After 8 days of fermentation, the bioconversion of BG to B and WG to W was achieved in the SB milk without any additional materials (Fig. 1 ). Fig. 2 shows the changes of the flavones in the SB milk media with additional carbon sources after fermentation for 8 days. Compared with the media with carbon sources, the bioconversion rate of flavones in the media without carbon sources was greater. For many bacteria, the utilization of carbon sources depends on the co-metabolism of mixed sugars or the selected utilization of the preferred sugar [10] . Although L. brevis was reported to co-metabolize lactose with xylose and was speculated to utilize various carbohydrates simultaneously [16] , the mechanism of lactose utilization by L. brevis is not yet clear. Fig. 3 shows the changes of the flavones in the SB milk media with nitrogen sources after fermentation for 72 h. Among these nitrogen sources, the SB milk medium containing fish peptone showed a faster bioconversion rate of flavones in SB than the other groups. The optimal percentage of fish peptone was also demonstrated to be 0.4% when assessed by TLC (data not shown).
pH Changes and Growth Patterns of L. brevis RO1 During Fermentation
The changes in the pH and of the growth patterns of L. brevis RO1 were assessed among the control, fish peptone, The four standard flavones were baicalin (BG), baicalein (B), wogonoside (WG), and wogonin (W). Samples of each group cultured for 3 days were selected and displayed in this TLC profile. C, control; FP, fish peptone; YE, yeast extract; PP, proteotose peptone; P, peptone; SP, soya peptone; CA, casamino acid; BE, beef extract; ME, malt extract; PP3, proteotose peptone No. 3; T, tryptone.
and soya peptone groups. It is important to note that during the fermention process, soya peptone showed the second fastest rate of decrease in its pH (data not shown). This explains why we chose the soya peptone group as a positive control in the subsequent experiments. The changes of pH in the three different media are shown in Fig. 4 . The pH of all the groups showed a gradual decrease after 12 h. In the control and soya peptone media, the pH decreased gradually to 6.31 ± 0.31 and 5.91 ± 0.04 during 72 h of cultivation. In the fish peptone medium, a greater drop from 6.80 to 4.62 ± 0.02 was observed during 72 h. The growth patterns of L. brevis RO1 in the three different types of media are shown in Fig. 5 . L. brevis RO1 in the three types of media showed viable counts greater than 8.10 log 10 CFU/ml after culturing for 24 h. At 72 h, the growth of L. brevis RO1 showed a significant increase to 8.30 ± 0.06 log 10 CFU/ml in the fish peptone medium (p < 0.001), whereas the viable counts of the control and soya peptone media decreased to 7.92 ± 0.06 and 8.06 ± 0.04 log 10 CFU/ml, respectively. It is clear that the addition of fish peptone exhibits better growth of L. brevis RO1 than the control and soya peptone groups.
As an obligatory type of heterofermentative grampositive bacteria, L. brevis RO1 is able to use both the glycolysis and pentose phosphate pathways. Thus, during fermentation, the main carbon source, lactose, in milk can be converted to lactic acid, ethanol, and CO 2 . In the present study, the significant decrease in the pH of the fish peptone group after culturing for 48 h suggested that fish peptone promotes the utilization of lactose by L. brevis RO1 and increases the viable microbial count simultaneously. Conversely, Nandan et al. [21] showed that the specific activity for arginine-aminopeptidase from L. brevis was increased considerably with lactose as a carbon source. Although L. brevis showed a slow rate of lactose utilization [12] , the lactose existing in the milk may have contributed to the improvement in the utilization of fish peptone by L. brevis RO1 in the SB milk medium by enhancing the specific activity of aminopeptidase.
Moreover, the total nitrogen content of fish peptone is higher than that of soya peptone. This could be the reason for the different results between the fish peptone and soya peptone groups during fermentation. Dufosse et al. [8] found that compared with other nutrition sources, fish peptone shows better cell growth of Lactobacillus. Other studies [3, 13, 25] also reported that fish peptone was able to improve the growth of lactic acid bacteria by providing complex nitrogen, as it contains high amounts of peptides and amino acid sources such as lysine, leucine, methionine, taurine, histidine, and tyrosine [5] . Hence, the rich content of low-molecular-weight peptides and amino acids may increase the growth of L. brevis RO1, resulting in an improvement of the bioconversion of flavones during the fermentation process.
Changes of SB Flavone Content During Fermentation
The changes of the flavones in milk with SB extracts between the control and fish peptone groups were determined by HPLC. Compared with the initial concentration, BG and WG decreased by only 0.01 mM and 0.12 mM in the control group, but decreased by 1.56 mM and 0.59 mM in the fish peptone group, respectively. Moreover, B and W increased by only 0.15 mM and 0.12 mM in the control group, whereas they increased by 0.57 mM and 0.24 mM in the fish peptone media (Fig. 6) . Thus, the fish peptone group converted BG and WG more efficiently and produced more B and W than did the control group.
It is important to note that the concentration of flavones showed greater changes at 48 h, while the pH of the culture Fig. 4 . pH changes of the control, fish peptone, and soya peptone groups during fermentation in SB milk media.
The data were analyzed by analysis of variance followed by the Turkey HSD test (** p < 0.01, *** p < 0.001). The data were analyzed by analysis of variance followed by the Turkey HSD test (** p < 0.01, *** p < 0.001).
fell to 5.29 after 24 h. In the control and soya peptone groups, the changes of the pH values and the concentrations of flavones were slight, even after 72 h. Because the optimum temperature and pH of GUS purified from L. brevis RO1 were reported to be 37 o C and pH 5.0 [15] , the pH of the fermented media affected not only the cell growth but also the bioconversion rate of flavones in SB. That is to say, along with the growth of L. brevis RO1, the lower pH (especially in the fish peptone group) may have activated GUS to achieve a higher bioconversion rate. On the other hand, viable microbial counts could also give rise to an improvement in the bioconversion rate of the flavones in SB owing to the increased production of GUS. Thus, the increased bioconversion rate can be ascribed to the changes of the pH and cell growth. However, we found it difficult to measure the GUS activity in the milk medium because the coagulation of milk occurred during the fermentation process. To some extent, we thought it was a limitation of our study. With regard to the bioconversion of flavones during the fermentation, various factors other than GUS activity may be involved. For example, the rate of transport of flavones through the cell walls, cellular location of the enzyme, presence of enzyme inhibitors, percentage of dying cells, release of the enzymes out of the cells, and accessibility of the flavones during the coagulation of the milk medium may differentially affect the rate of the bioconversion of flavones.
To summarize, we converted the flavones of SB in milk by the whole-cell culturing of L. brevis RO1 and attempted to enhance the bioconversion rate by adding carbon and nitrogen sources. To the best of our knowledge, our study is the first to convert flavones in SB through a fermentation process in food-grade media using a food-grade microorganism. The main conclusion, given all of the carbon and nitrogen sources studied, was that fish peptone is beneficial for the growth of L. brevis and for the bioconversion of flavones in SB. The bioconversion of flavones in SB may provide a potential application for the enhancement of the functional components in SB. 
